The relationship between thickness and fat mass of 101 male and 66 female adolescents (10-16 y examined with the allometric equation y = bx". Body composition was assessed by underwater weighing and 5 fatfolds were measured: triceps, subscapular, suprailiac, abd Percent body fat ranged from 4.9% to 56.1%. The log of each fatfold thickness was plotted versus the log of fat mass. All the relationships were linear and exhibited monophasic allometry. All the alpha coefficients (slope of the log-log plots) exhibited positive allometry. The prepubescent male and female alphas were similar and had the same pattern. The pattern contrasted the trunk with the extremity fatfolds. No differences (P > .05) were found between the alphas for the pubescent males. The triceps alpha of the pubescent females was less (P < ,051 than the subscapular, suprailiac, and abdominal alphas. The thigh, subscapular, suprailiac, and abdominal alphas were not significantly (P > .05) different. In conclusion, the trunk was the predominant site of subcutaneous fat deposition for prepubescents, while pubescents exhibit a more general pattern of fat distribution.
et al., 1987) . It also has been implicated in the etiology of diabetes and coronary artery disease in adults (Bjorntorp, 19851 , but surprisingly, not in obese adolescents (Becque et al., 1986) .
In a previous paper, we employed multivariate analyses to examine the relationship between adiposity and subcutaneous fat patterning of adolescents (Hattori et al., 1987) . We found that the trunk-extremity and upper-lower trunk components explained 80% of the variance in fat distribution. Furthermore, obese adolescents demonstrated increased trunk fat patterning compared to non-obese adolescents; obese males deposited fat in the lower trunk and obese females deposited fat in the upper trunk.
While multivariate analysis describes the relative patterning of subcutaneous fat (Mueller and Wollheb, 1981) , it does not address the relationship between absolute fatfold thickness and total body fat. Therefore, the purpose of this study was to examine the relationship between fatfold thickness and total body fat and the fat distribution pattern of adolescents.
MATERIALS AND METHODS
The subjects were 101 males and 66 females ranging in age from 10 to 16 years ( Table 1 ). The adiposity of the subjects varied from lean to obese. Most of the obese adolescents were participants in a multidimensional study of adolescent obesity at the University of Michigan in=36); the other data were collected at the University of Illinois at Urbana-Champaign (n=131).
Five fatfolds were measured on the right side of the body: triceps, subscapular, suprailiac, abdominal, and thigh (Behnke and Wilmore, 1974) . The test-retest reliability of all fatfold measurements was high and ranged from r = .90 to r = .98. Body mass (BM) was measured on a Homms beam balance. Body volume (BV) was determined by hydrostatic weighing at residual lung volume with the methods of Katch (1969) and Akers and Buskirk (1969) at Michigan and Illinois, respectively. These two methods give comparable results (Boileau et al., 1981) . Body density (BMBV) was converted to percentage body fat with the Siri (1961) equation. The maturational level of the subjects was rated according to changes in pubic hair (Tanner, 1962) .
The allometric equation (y = bx") was employed to describe the relationship between total fat mass (x) and each fatfold thickness (y). The allometric equation was transformed into base 10 logarithms, logy = a log x + log b.
In the equation, a (alpha) is the allometric coefficient and log b is the intercept (Huxley and Tessier, 1936) . Alpha is the ratio of the change in log x to the corresponding change in log y. When alpha is 1.00, the slope of the line is 4Y and the specific changes of x and y are equal. Moreover, when the relationship between a one-dimensional (fatfolds) and a three-dimensional (fat mass) measurement is examined the isometric coefficient is 0.33.
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When alpha is less than 0.33 the specific rate of change in x is greater than the specific ratc of change in y. This is known as negative allometry. Positive allometry occurs when the specific rate of change in y is greater than the specific rate of change in x. Standard allometric methods of analysis were utilized in the present study (Scholl, 1950) .
To determine the effects of maturation on the allometric relationship of fatfold thickness t o fat mass, subjects were categorized into 2 groups: pre-and early-pubescent (pubic hair stages 1 and 2 ) and pubescent (stage 3). For the sake of simplicity, the former are referred to as prepubescent throughout. The allometric analysis was completed separately for males and females: prepubescents (66 males, 35 females) and pubescents (35 males, 31 females).
Allometric analysis requires an initial examination of the log-log plots to insure rectilinearity. The log of each of the five fatfolds was plotted against the log of fat mass. Also, plots were made for each gender without regard for pubertal status. The studentized residuals of each model were examined with box-and-wisker plots. Leverages greater than 0.05 for the males and 0.04 for the females and Cook's distances greater than 0.7 were employed to examine the aptness of each gender and puberty model (Kleinbaum et al., 1988) . All the plots were linear and demonstrated monophasic allometry.
Alphas between the maturational groups were compared by employing dummy variables in the regression analysis (Kleinbaum et al., 1988) . Alphas between the fatfolds within each maturational level were com- pared using multivariate analysis of covariance (Wilkinson, 1987) .
RESULTS
The pubescent males were the tallest group, followed by the pubescent females and then the prepubescent children (Table 1 ). The BM of the pubescents was greater than the prepubescents. No significant differences were found between the groups for fat mass. The order of fat free mass was the same as stature. Percentage body fat was highest for females followed by the prepubescent males and pubescent males. Body fat percentages ranged from 10.4t053.3%,9.7t046.8Cro,8.7 to53.3%,and 15.1 to 53.1% for prepubescent males, prepubescent females, pubescent males, and pubescent females, respectively. The average body fat percentage of all the adolescents was 26.2%. Table 2 presents the allometric analysis by gender and pubertal status. Alpha is the allometric coefficient (slope of the regression line) and log b is the y intercept. All alpha coefficients for males and females were significantly (P < .05) greater than 0.33. Therefore, all skinfolds exhibited positive allometry. Comparisons were made between males and females of the same pubertal status and between pubertal status groups within each gender. It is interesting that irrespective of gender, the subscapular, suprailiac, and abdominal alphas for pubescents were less (P < .05) than the prepubescent alphas. Also, the subscapular, suprailiac, and abdominal log bs for male pubescents were greater (P < .05) than those for male prepubescents. The triceps and thigh log bs for male pubescents were less ( P < .05) than those for male prepubes- cents. Although the same pattern of changes in log b was evident for females, only the suprailiac change was significant (P < .05).
These changes in log b are likely the result of small but nonsignificant differences in mean fatfold thicknesses ( Table 1) . Few gender differences were found within pubertal groups. The prepubescent male suprailiac alpha was greater (P < .05) than the female suprailiac alpha. The pubescent male triceps and thigh alphas were greater (P < .05) than the respective female alphas. No other gender differences ( P > .05) were found for the prepubescents or pubescents.
The prepubescent and pubescent data were combined and the allometric analysis of males and females is presented in Table 3 .
The males and females had similar (P > .05) alphas for each fatfold. The largest alphas and smallest log bs were found for the trunk fatfolds of both the males and females.
Also of interest are the preferential sites of fat deposition with increasing body fatness. Comparisons among fatfolds revealed a similar pattern for prepubescent males and females. Although the triceps and thigh alphas were not different (P > .05), and the subscapular, suprailiac, and abdominal alphas were not different (P > .05), the tri-ceps and thigh alphas were significantly (P < .05) less than the subscapular, suprailiac, and abdominal alphas. For pubescent males, no significant differences (P > .05) were found between the alphas. The thigh alpha for pubescent females was not significantly (P > .05) different from the triceps or the subscapular, suprailiac, and abdominal alphas, but, the triceps alpha was less (P < .05) than the subscapular, suprailiac, and abdominal alphas. The latter three alphas were not significantly different from each other ( P > .05). The combined data revealed that for males, the triceps and thigh alphas, the subscapular and abdominal alphas, as well as the abdominal and suprailiac alphas were not significantly different (P > .05). In contrast, the female alphas fell into two groups: the triceps and thigh compared to the subscapular, suprailiac, and abdominal.
DISCUSSION
Allometric analysis revealed a linear loglog relationship between fatfold thickness and the body fat mass of prepubescent and pubescent males and females. The alpha coefficients for both males and females exhibited positive allometry and were greater than 0.33 for all the fatfolds.
These results agree with other studies employing multivariate analysis techniques (Ramirez and Mueller, 1980; Deutsch et al., 1985; Hattori et al., 1987) . The advantage of allometric analysis is the site specific alpha coefficients which relate subcutaneous fat to total body fatness. The alpha coefficients reveal the specific sites for increased fat deposition. The male fatfold sites which demonstrated the greatest ' ith increased body fat were the su d abdominal. Alternatively, all three female trunk sites increased at approximately the same rate. Therefore, with increased adiposity the trunk had the greatest fat deposition for both males and females, but the specific location of fat deposition on the trunk was gender specific.
Further, prepubescent males and females had the same pattern of alphas. This pattern contrasted extremit folds. The lack agreement with suggests a nongen deposition during pre trast, pubescent males differences between the alphas, except for the female triceps. This homogeneity of alphas is the result of a reduction in trunk alphas without changes in the extremity. Thus, there appears to be a reduction of the importance of the trunk fatfolds to increased adiposity from prepubescence to pubescence. Malina and Bouchard (1988) also examined the pattern of subcutaneous fat deposition during adolescence. Prepubescent females in Malina and Bouchard (1988) and the present study demonstrated a predominance of the trunk for the deposition of subcutaneous fat. Pubescent females had a more general pattern of fat deposition. The alphas were similar for all fatfolds. Prepubescent males in both studies exhibited the same predominant trunk subcutaneous fat deposition as prepubescent females. Pubescent males of the present study exhibited a decrease in the importance of trunk subcutaneous fat deposition to increased adiposity and no change in the extremity. Malina and Bouchard (1988) demonstrated a maintenance of the trunk as the preeminent site of subcutaneous fat deposition with decreases in the importance of the extremities. It is difficult to reconcile these differences but it is important to recognize a major difference between the studies. The mean fat mass of the pubescent males for the present study was 13.1 kg. In contrast, the mean fat mass of the 13-14-year-old males was approximately 5 kg for Malina and Bouchard (1988) . It is unknown how these differences might effect the results.
The expected alpha coefficient of a onedimensional variable such as fatfold thickness and a three-dimensional variable such as fat mass is 0.33. It is striking that in the present data all the fatfolds have alphas greater than 0.33 and some were greater than 1.00. Since fatfolds are an estimate of subcutaneous fat, our data show that as total body fat increased, a greater proportion of fat was deposited subcutaneously. It follows that the subcutaneous fat of an obese adolescent would be a greater proportion of total body fat than for a lean adolescent. These results are in partial agreement with CT scanning data of adults (Grauer et al., 19841 , in whom it was shown that as total fatness increased, females deposited more fat subcutaneously, while males deposited more fat internally. The present study also agrees with the cadaver data of Martin (1984) . In both males and females, as the total adipose tissue mass increased, exter-nal adipose tissue mass increased faster than internal adipose tissue mass.
In conclusion, allometric analysis has confirmed that the trunk is the primary site of increased subcutaneous fatness in prepubescent males and females. Furthermore, pubescent males and females appear to deposit subcutaneous fat equally in both the trunk and extremity. 
